SUMMARY We have analysed the atrioventricular junction, ventricular mass, and ventriculoarterial junction in 43 hearts with isomeric atrial chambers. Of the hearts, 32 had atrial chambers of bilateral right morphology while 11 had atrial chambers with bilateral left atrial characteristics. Among the hearts with right atrial isomerism, there were 13 biventricular hearts, all with ambiguous atrioventricular connection. Eight had a common valve and five had two atrioventricular valves. In the other 19 hearts, the atrial chambers were connected to only one ventricular chamber, 18 having double inlet ventricle through a common valve and the other having absence of the left atrioventricular connection. In these univentricular hearts, all possible types of ventricular morphology were found. The ventriculoarterial junction among these hearts with right isomerism showed great variation.
Statistical analysis showed that pulmonary obstruction and a univentricular heart were both significantly more frequent in association with right compared with left isomerism. Significant differences were also noted in the two groups in terms ofventriculoarterial connections and infundibular morphology.
Visceral heterotaxy is known to be a harbinger of complex congenital heart disease.'-6 Complex congenital heart disease in itself is a fertile ground for misunderstanding and incomprehension. When associated with visceral heterotaxy, the potential for confusion is greatly magnified. Until recently controversy in this area has been of mostly academic interest. Progress in cardiac surgery, however, means that repair of certain patients with isomeric atrial chambers and complex anomalies can now be achieved.7 As a prerequisite of successful surgery complete understanding and unequivocal description of anatomy are essential. The problems con-Atrial isomerism-sequential analysis
We have termed these groups right atrial isomerism and left atrial isomerism, respectively. The majority of patients had formed the basis of the study of atrial morphology and venous connections'0 but some of these hearts had been processed for study of the conduction system" and were therefore excluded and replaced by new material. Sequential analysis was conducted, employing the terms and definitions suggested by Tynan et al. '2 After analysis of the specimens, the results were analysed on the University of London Computer using the Statistical Package for the Social Sciences. We processed the morphological features identified so as to see which features were associated with one form of isomerism rather than the other.
Results: right atrial isomerism (Table 1) Twelve of the 32 cases (37.5%) had dextrocardia and 20 (62-5%) laevocardia.
ATRIOVENTRICULAR JUNCTION Of the 32 cases, the atria were connected to two chambers in the ventricular mass in 13 hearts ( Fig. 1 ) and to only one ventricular chamber in 18 hearts (Fig. 2) . In the remaining univentricular heart the left-sided atrial chamber had no connection with the ventricular mass (Fig. 3) . The 13 biventricular hearts were considered to have an ambiguous atrioventricular connection. The mode of connection in these was via a common atrioventricular valve in eight cases and via two valves in five (Fig. 1) . The left atrioventricular valve was cleft in one case and stenotic in another of those with two valves. The 19 univentricular hearts exhibited double inlet connections in 18 , all via a common valve ( In four of the five univentricular hearts of left ventricular type well-formed outlet foramina were present. In the remaining univentricular heart of left ventricular type and in seven of the nine univentricular hearts of right ventricular type in which univentricular chambers were identified, the cham-bers had no outlet and were small pouches without an obvious connection with the main chamber. In that congealed blood was present in some of the pouches, a connection must have been present but it was not obvious. In the other two hearts defects were identified within the trabecular septum. In the five cases without rudimentary chambers there were perforce no ventricular septal defects present.
VENTRICULOARTERIAL JUNCTION (Table 2) Ventriculoarterial connections Three cases only (9%) had concordant connections, one from a biventricular heart with ambiguous atrioventricular connection and two from univentricular hearts of left ventricular type with double inlet. Eight cases had discordant arterial connections (three having pulmonary valve atresia). Of these, six were biventricular hearts and two were univentricular hearts of left ventricular type with double inlet. A further six cases (including one with pulmonary atresia) had double outlet from a right ventricle. Eleven more cases had double outlet from a univentricular heart: two from a sole chamber of indeterminate type and nine from a chamber of right ventricular type. Four of them had pulmonary atresia. The remaining cases had single outlet of the heart, three having pulmonary atresia and one aortic atresia. In these cases it was not possible to trace the atretic arterial trunk to any ventricular chamber.
Arterial relations
The aortic valve was disposed in various positions relative to the pulmonary valve as shown in Table 2 and in Fig. 6 Left atrial isomerism (Table 3) ATRIOVENTRICULAR JUNCTION
The atria connected to two ventricular chambers (biventricular hearts with ambiguous connection) via a common valve in six (Fig. 7) and via two valves in three cases: in one of these cases the left atrioventricular valve was stenotic and in another one it was cleft. Only in one case were two normal atrioventricular valves observed. The remaining two hearts were univentricular, both with double inlet and a common atrioventricular valve: the valve minimally overrode the trabecular septum in one of these cases. In the whole group, eight cases (73%) had a common atrioventricular valve.
VENTRICULAR MASS
In the nine biventricular hearts the right ventricle was on the right in eight cases (five in laevocardia and three in dextrocardia) and on the left in the other (dextrocardia- Fig. 7 ). The univentricular hearts were of right and left ventricular type, respectively. In the right ventricular type the rudimentary chamber was inferior and to the left, while in the left ventricular type it was anterior and to the left. 7 Photographs of a heart with left atrial isomerism and ambiguous atrioventricular connection via a common atrioventricular valve. The morphologically left ventricle is to the right of the morphologically right ventricle. Fig. 7a shows the connection of the right-sided left atrium to the right-sided morphologically left ventricle. Fig. 7b shows the connection of the left-sided left atrium to the left-sided morphologically right ventricle. Note the bilateral absence of cristae and the bilateral left atrial appendages.
COMMUNICATIONS BETWEEN CHAMBERS IN VENTRICULAR MASS
Two biventricular hearts showed an intact ventricular septum. In the remaining biventricular heart with two valves a perimembranous trabecular defect13 was present. In the six biventricular hearts with common orifice a typical complete atrioventricular defect was present. In both the univentricular hearts outlet foramina were present. VENTRICULOARTERIAL JUNCTION (Table 4) Ventriculoarterial connections
The arterial connections were concordant in seven cases (65%), including both univentricular hearts.
One biventricular heart had discordant connections with pulmonary valve atresia; the remaining three had double outlet right ventricle.
Arterial relations
The relations of arterial valves are shown in Table 2 and Fig. 6 . In the whole group the aorta tended to stay posterior.
Infundibular morphology This is shown in Table 2 .
Pulmonary outflow tract obstruction Pulmonary atresia was found in only one case (9%).
Pulmonary stenosis was found in two cases (18%), one being subvalvular and one being a stenotic bicuspid valve. In an additional case obstruction to pulmonary flow was caused by a restrictive outlet foramen. The overall incidence was 36 per cent.
Aortic outflow tract obstruction Subaortic stenosis was observed in three cases (27%): one of them also had discrete coarctation and one had isthmal hypoplasia. in the association of the other features with the different types of atrial isomerism. Statistical analysis of morphological features Discussion We analysed the frequency in left and right isomerism of the following morphological features: Full comprehension of the type and frequency of atrioventricular connection, mode of connection, cardiac anomalies associated with atrial isomerism is ventricular morphology, ventricular relations, ven-held back by lack of unanimity concerning the catetriculoarterial connections, arterial relations, in-gorisation of such cases. It is surprising that, though fundibular morphology, aortic arch position, out-the detailed anatomy ofthe atria in visceral heterotaxy flow tract obstruction, ductus arteriosus, cardiac was clearly described by Van Mierop and Wiglesposition, and presence of a univentricular heart. worth,2 these workers at the same time pointing to There were significant differences in the association the isomerism present, more recent investigators of pulmonary obstruction (p =00243) and a uni-have continued to subdivide the cardiac features of ventricular heart (p =00446) both of which were these hearts into the groups of "asplenia" and more common in right than left isomerism. Signi-"polysplenia".6 Apart from the obvious deficiencies. group It is isomeric, the two atrial chambers being unequivocally identifiable as either bilateral right or bilateral left atria on the basis of the morphology of the atrial appendages and their junction with the smooth walled part of the atria. These points have been discussed at length in a recent paper,'0 and it is the conclusions drawn from that study which have provided the basis for the sequential analysis presently described. We have previously indicated that the terms "concordance" and "discordance" are inappropriate to describe the atrioventricular connections in the presence of atrial isomerism, and our more recent observations endorse this.10 This does not mean, however, that the atrioventricular connections cannot be described in atrial isomerism. In situs solitus or situs inversus, two situations exist whereby the atria may connect to two chambers in the ventricular mass (concordant or discordant connections) or to only one chamber (double inlet connection or absence of one connection). Our present study shows that the same two possibilities exist with isomeric atria. The problem is that "concordant" or "discordant" are inappropriate terms to describe the anatomical atrioventricular connection in a biventricular heart with isomeric atrial chambers. Our own preference is simply to describe the position of the morphologically left ventricular chamber relative to the right ventricular chamber in terms of right-left, anteroposterior or superoinferior positions, remembering that in "crisscross" hearts with atrial isomerism it would be necessary to describe separately the positions of inlet, trabecular, and outlet ventricular components.
The point to be made is that in complex congenital malformations, atrioventricular connections, internal ventricular morphology, and ventricular relations all warrant description, as indicated by Bharati and Lev,'6 but demand separate description.
The "loop" may have a place in discussing ventricular morphology, but only when that morphology has been unequivocally described. For example, in the presence of atrial isomerism it has been shown that the ventricular internal morphology determines the disposition of the atrioventricular conduction system, and that this disposition can be economically described in terms of "d-loop" and "i-loop".1' None the less, nomenclature primarily should account for and describe the facts. Ideally it should be understood by all observers, which is possible when comprehensive concepts and unisversal terms are used. In this respect we believe that the terms right-left, anterior-superior, and posterior-inferior, together with inlet, trabecular (body), and outlet parts of the ventricle can hardly be misunderstood, and for this reason should be used to de3cribe the anatomy. Once the anatomy is objectively described then the embryological implications can be drawn, which, though largely speculative, can provide further understanding of special aspects such as disposition of the conduction system." If a "shorthand" is required for the two basic patterns of ventricular morphology, then our preference is for the terms "right-4and pattern" and "left-hand pattern" as illustrated by Van Praagh et al. 5 Similar difficulties in nomenclature arise in consideration of the ventriculoarterial junction. Are we justified in using the term "transposition" in the presence of ambiguous atrioventricular connection? Complete transposition can be defined as the combination of atrioventricular concordance and ventriculoarterial discordance. Since we have already shown that atrioventricular concordance and discordance are inappropriate in atrial isomerism, so are the terms complete and corrected transposition as thus defined. Others may object to the terms as defined and prefer to add physiological considerations in defining "transposition". This approach will he non-productive in most cases of atrial isomerism because of the disordered venous return.'0 Yet others use the term "transposition" to define arterial relations, and, as we have shown, these are particularly varied in the hearts presently studied. Therefore, it seems preferable to eschew usage of "transposition" in atrial isomerism, instead describing connections, relations, and morphology at the atrioventricular and ventriculoarterial junctions.
When viewed as a whole, our investigation of necropsy material has confirmed that complex malformations are found more frequently with right atrial isomerism than with left isomerism. But it has also shown that cases with relatively favourable anatomy can be found in patients with right atrial isomerism whereas very complicated malformations can occur with left atrial isomerism. Thus, though atrial isomerism can now be non-invasively diagnosed with a high degree of accuracy and differentiated into the right and left isomeric forms,'7-'c areful angiographic and echocardiographic investigation should never be excluded since our study has shown that surgically correctable cases can exist in both groups. We are indebted to our colleagues who contributed to many of the basic concepts on which this study is founded, particularly Anton Becker, Elliot Shinebourne, Michael Tynan, and James Wilkinson.
